INTRODUCTION
The cost of regular follow-up after treatment of American Joint Committee on Cancer (AJCC) stage I or II melanoma has been estimated at between $441 to $628 per person per year (2004 Medicare fee reimbursement schedule) in the United States. 1 On the basis of 2007 estimates, 2 there are approximately 800,000 people with a past diagnosis of melanoma living in the United States; their follow-up represents an important burden to the US health care system, up to $500 million per year. Additionally, there is a lack of evidence for the frequency and benefit of follow-up visits after treatment for cancer. 3, 4 Melanoma guidelines typically recommend follow-up for patients treated for localized disease (stage I or II). This recommendation is generally based on expert opinion, with monitoring schedules informed by observed recurrence rates for patients categorized into prognostic subgroups. 5, 6 Development of new primaries is not usually considered, although their detection is an aim of monitoring, 5 nor are the benefits and harms of the proposed monitoring schedule. Given that approximately 75% of patients detect their own recurrences, 3, 7 and approximately 50% detect their own second primaries, 8 follow-up visits currently may be scheduled more frequently than is necessary, with possible inefficient use of health resources and an unnecessary burden on patients. Recently, a less frequent monitoring schedule was proposed 9 based on an analysis of recurrences in AJCC subgroups IA, IB, IIA, IIB, and IIC in a group of patients undergoing follow-up JOURNAL OF CLINICAL ONCOLOGY at Melanoma Institute Australia (MIA; formerly the Sydney Melanoma Unit). A modification of this schedule comprises the experimental arm of a randomized trial currently under way, in which the less frequent monitoring schedule will be compared with a conventional follow-up schedule from Dutch national guidelines. 10 This study aims primarily to relate the estimated delay in diagnosis of recurrence or second primary in patients with localized stage I or II cutaneous melanoma to the number of visits needed by two different monitoring schedules. Secondarily, we estimated the effect of prognostic factors on development of recurrence or second primary tumor.
METHODS

Study Design and Sample
All patients in the MIA database treated for invasive primary cutaneous melanoma who were diagnosed by excision biopsy between January 1, 1985, and December 31, 2009, and had AJCC stage I or II disease were considered for the study. Patients were excluded if they did not have MIA-reviewed pathology, were node positive (either by sentinel lymph node biopsy [SLNB] or elective lymph node dissection), had insufficient data to allow substaging of their disease, or had missing data on primary diagnosis date or last follow-up date. Ethics approval was not required for this study.
Measurement of Risk Factors
All patients had wide local excision of primary melanoma after diagnostic biopsy. 9 Treatment of regional lymph nodes was categorized as SLNB, elective lymph node dissection, or observation. Breslow thickness, ulceration, mitotic rate, and Clark level of invasion (if mitotic rate was unknown) were used to classify patient primaries into AJCC substages using the 2009 updated criteria. 11
Follow-Up and Outcome Events
Data were analyzed separately for development of recurrence and development of new primary (results of analysis of composite outcome, recurrence, or new primary are presented in Appendix, online only). Recurrence was defined as the first abnormality diagnosed by histopathology (including cytology) or imaging confirming the presence of metastatic disease. Diagnosis of second primary melanoma required diagnostic biopsy and histopathology. When a patient had both recurrence and second primary, we used whichever occurred first as the outcome, and the patient was censored at this time for analysis of the alternate outcome.
Follow-up visits entailed at least a medical history and clinical examination. The general follow-up schedule for patients during the study timeframe is provided in the Appendix (online only). In addition to scheduled visits, all patients could initiate visits if they were concerned they had recurrence or new primary.
Statistical Analysis
All risk factors were included in multivariable Cox proportional hazard models predicting time to recurrence and second primary. Data on diseasefree survival were considered censored for patients who were free from recurrence or new primary at last follow-up or at 10-year follow-up, whichever was earlier. Likelihood-ratio tests were used to assess significance. Proportional hazards assumptions were checked using Schoenfeld residuals. Analysis of sensitivity to competing risks was also performed.
We assessed delay in the diagnosis of recurrence or new primary and number of visits for two different monitoring schedules over 10 years of follow-up. The two schedules were as follows:
Schedule one. On the basis of 2008 Australian and New Zealand guidelines, 5 schedule one involved follow-up every 6 months for 5 years, then annually for 5 years (patients with stages IA and IB disease) or every 3 months for 5 years, then annually for 5 years (stages IIA, IIB, and IIC).
Schedule two. On the basis of recommendations of a previous report 9 and modification of the experimental arm of MELFO (Melanoma Follow-up Study), 4 schedule two involved follow-up annually for 10 years (stage I); every 6 months for 2 years, then annually for 8 years (stage IIA); or every 4 months for 2 years, every 6 months during year 3, then annually for 5 years (stages IIB and IIC).
Both schedules included a 1-month follow-up visit. We modeled the theoretic number of patients experiencing a delay in diagnosis greater than 1, 2, 3, 6, 9, and 12 months, as a rate per 1,000 patients starting follow-up, for two clinical scenarios. In the first scenario (only scheduled visits), we assumed any diagnosis would be made at a scheduled visit. For the second scenario (scheduled and unscheduled visits), we assumed 75% of recurrences and 50% of new primaries would be detected by the patient or partner with no delay in diagnosis, and all patients would seek clinical attention by a maximum of 3 months for recurrence and 6 months for new primaries. Bootstrap random samples were used to estimate 95% CIs and select patients who self-detected. Detailed methods and a sensitivity analysis on the proportion of self-detecting patients are presented in the Appendix (online only). For each monitoring schedule, we calculated the number of visits required per 1,000 patients starting follow-up until time of diagnosis of recurrence or new primary, time of loss to follow-up, or a period of 10 years of follow-up.
RESULTS
A total of 3,081 patients with AJCC stage I or II disease were initially included. We excluded 83 patients from analysis for whom it was not possible to obtain information on the last clinic consultation at which they were clear of disease or date of recurrence, when recurrence was known to have occurred. Of the 2,998 patients remaining, 201 (6.7%) died as a result of other causes without developing recurrence or new primary, and their follow-up time was censored at their last recorded follow-up visit, and 28 (0.9%) experienced recurrence but had no recorded date of recurrence and were censored at the last follow-up visit when they were free from melanoma.
Clinical characteristics of the 2,998 patients are presented in Table 1 ; their median length of follow-up, censored at date of recurrence or new primary where applicable, was 2.7 years (range, 0 to 24.7 years). Altogether, 2,036 patients (67.9%) experienced follow-up of fewer than 5 years because of diagnosis of recurrence or new primary, loss to follow-up, or first primary diagnosis later than December 31, 2004, and 2,553 (85.2%) experienced follow-up of fewer than 10 years. A substantial proportion of patients (799 of 2,998 patients; 27%) were diagnosed within the last 10 years (diagnosed after December 31, 1999), and their follow-up is bounded by the end of the study period (ie, uninformative censoring). For patients diagnosed before 2000 and with no recurrence or new primary, the last recorded follow-up visit was before 10 years of follow-up in 68% to 75% of patients, depending on stage.
Recurrence and New Primary Over Time
Kaplan-Meier curves for time to recurrence stratified by AJCC substage show higher recurrence rates in the first 5 years of follow-up (particularly first year) and lower rates in the subsequent 5 years ( Fig  1) . New primary melanoma rates within each age group seemed to be fairly constant throughout the 10-year period (Appendix Fig A1, online only).
Prognostic Model
Two patients who had missing covariate information were excluded from the Cox model, leaving 2,996 patients. For time to recurrence, there was evidence of violation of the proportional hazards assumption using the whole 10-year follow-up period. Therefore, we built separate models for three periods of follow-up: recurrence within first year of follow-up (P ϭ 0.78 for test of proportional hazards assumption), within 1 to 5 years (P ϭ .28), and within 5 to 10 years (P ϭ .96). Within the first year, active management of regional lymph nodes protected against early recurrence, whereas increasing AJCC stage predicted increasing risk of early recurrence (P Ͻ .001 for both; Table 2 ). Risk was especially high for patients with stages IIB and IIC disease. There was also evidence of modestly increased risk of recurrence for individuals with primary located on the trunk, head, or neck (hazard ratio [HR], 1.45; P ϭ .016). In the period of 1 to 5 years, nodal management and AJCC stage remained significantly predictive of recurrence, but HRs became less extreme. In the period of 5 to 10 years, only AJCC stage remained predictive of recurrence (P ϭ .006).
For time to new primary, there was no evidence of violation of the proportional hazards assumption (P ϭ .97). Significant predictors were age (HR, 1.29; P Ͻ .001) and date of primary diagnosis after 1992 (HR, 2.21; P Ͻ .001; Table 3 ). AJCC stage was not strongly associated with time to new primary (P ϭ .053; Appendix Fig A2, online only). Results of models using a composite outcome of recurrence or new primary are listed in Appendix Table A1 (online only).
The sensitivity analysis using competing risks models took into account the impact of deaths resulting from causes other than melanoma, new primaries as a competing risk for recurrence, and recurrence as a competing risk for new primary. Using these models did not substantially alter the HRs or conclusions.
Modeled Delay in Diagnosis by Monitoring Schedule
For every 1,000 patients with stage I or II disease beginning follow-up, 229.2 were observed to develop recurrent melanoma and 61.0 to develop new primary within 10 years. Assuming no unscheduled visits prompted by the patient (or family member) detecting an abnormality, more patients experienced a delay in diagnosis of recurrence (Table 4 ; up to maximum of 1 year) using the less frequent monitoring schedule (schedule two) compared with that currently recommended by Australian and New Zealand guidelines (schedule one), as might be expected, with an estimated 44.9 extra patients per 1,000 experiencing a delay greater than 2 months. More patients also experienced a delay in diagnosis of new primary (Table 5) with schedule two compared with schedule one, but the absolute difference between follow-up schedules was smaller (ie, estimated 9.6 extra patients per 1,000).
If we assume self-detection rates based on published estimates, use of schedule two rather than schedule one results in only a small number of additional patients experiencing a delay in recurrence diagnosis (up to maximum of 3 months; extra 11.3 patients per 1,000 with delay Ͼ 2 months) and even fewer experiencing a delay in new primary diagnosis (up to maximum of 6 months; extra 4.9 per 1,000). The delays in diagnosis of recurrence or new primary considered together and by AJCC substage are presented in the Appendix (online only).
For every 1,000 patients with stage I or II disease who began follow-up, approximately 8,044 monitoring visits would have been needed for schedule one and 5,221 for schedule two. Assuming no loss Recurrence (probability) to follow-up and that patients attended all visits until diagnosis or 10 years, then 19,546 monitoring visits would have been needed for schedule one and 12,303 for schedule two.
DISCUSSION
We estimated that a larger proportion of patients would experience some delay in the diagnosis of recurrence or new primary with the less frequent monitoring strategy (schedule two) compared with that currently recommended by Australian and New Zealand guidelines (schedule one). However, the differences between the two strategies were not large, particularly when we assumed patient self-detection at previously reported rates of 75% for recurrence 3, 7 and 50% for new primary. 8 It is probable that these differences are small because of the use of AJCC substage to determine follow-up frequency in the novel monitoring strategy (schedule two). Currently, patients with stage IA disease have the same follow-up as patients with stage IB disease, and all stage II patients have the same follow-up regardless of substage, despite clear prognostic differences. On the basis of our modeling, reduction in the number of patients with a delay in diagnosis, without substantially increasing the number of visits, might be possible if monitoring frequency was adjusted according to length of time since treatment, with less frequent follow-up after the first year (ie, monitoring schedule combining features of both schedules one and two).
The novel monitoring schedule required far fewer monitoring visits than are currently recommended. Over 10 years, this would result in approximately 3,000 fewer visits for every 1,000 newly diagnosed patients (ie, approximately three fewer visits per patient over 10 years), assuming dropout rates similar to those observed in this data set, and more than 7,000 fewer visits for every 1,000 newly diagnosed patients (average of seven fewer visits per patient over 10 years), if we assume no loss to follow-up. Not only would these fewer monitoring visits reduce the burden on patients in terms of time and expense in attendance and possible unnecessary anxiety, but they would also represent substantial savings for the health care system.
As might be expected, we found that the risk of recurrence was greatest in the first year of follow-up, with nodal management and AJCC substage strongly predictive of recurrence during this time. In contrast, risk of new primary tended to be constant throughout the 10-year period, with age and date of primary diagnosis strongly predictive. The finding that risk of new primary was greater for melanomas diagnosed after 1992 was unexpected. It may be explained in part by an increased incidence of melanoma in more recent years 12 or a shorter time to diagnosis (after 1992, a higher proportion of second primaries were melanoma in situ; data not shown). Age was only Abbreviations: AJCC, American Joint Committee on Cancer; ELND, elective lymph node dissection; HR, hazard ratio; SLNB, sentinel lymph node biopsy. Abbreviations: AJCC, American Joint Committee on Cancer; ELND, elective lymph node dissection; HR, hazard ratio; SLNB, sentinel lymph node biopsy.
‫ء‬
Estimates for follow-up years 1 to 5 are for 2,240 patients. †Estimates for follow-up years 5 to 10 are for 961 patients.
predictive of recurrence 1 to 5 years after diagnosis. However, AJCC stage was still by far the dominant predictor of recurrence, so there would be little added benefit in developing age-specific followup strategies. Nodal management at MIA changed with the introduction of SLNB in 1992. A significant difference in time to recurrence was found for patients diagnosed before and during 1992 compared with those diagnosed after 1992. This difference with time was no longer significant when nodal management was included in the model. Clinically staged patients are more at risk for developing regional lymph node recurrence and are therefore potentially more likely to experience a delay in diagnosis. A reduction in follow-up frequency might be safe for pathologically staged patients but not as safe for (higher risk) clinically staged patients. However, because nodal staging by SLNB protects against early recurrence, and many more patients now undergo SLNB, this should not affect our conclusions.
Limitations of the study include uncertainty as to actual time of recurrence or new primary melanoma development for some patients in the data set, especially those whose diagnosis was not made until they attended a scheduled follow-up visit. However, monitoring schedules were usually more frequent in the study timeframe than they are now, which, together with the high frequency of self-detection, means we can expect the recorded date of diagnosis to be reasonably accurate. Sensitivity analysis of the self-detection rate showed that the number of patients with a delay in diagnosis of recurrence or new primary decreased almost linearly as the self-detection rate increased. Patients and clinicians may have otherobjectivesforfollow-upvisitsinadditiontodetectionofrecurrentor new melanoma 13 ; for example, patients want reassurance and the opportunity to ask questions. 14 These objectives may be more effectively met by fewer visits with a more focused approach to addressing these needs. We have only evaluated 10 years of follow-up after initial treatment and are therefore unable to extrapolate how monitoring strategies would perform beyond this. Many reports have suggested that recurrence tends to plateau at low rates after the first 10 years. 9 Theoretic modeling does not account for patient adherence to the monitoring schedule; indeed, it is unclear whether adherence to follow-up would increase or decrease if the number of follow-up visits were reduced, an issue that requires more empirical study. Finally, there are likely to be a small number of true stage III patients misclassified as stage II when observation is the nodal management strategy, but this is unlikely to affect the overall conclusions, and if anything, the results presented would be biased toward showing greater benefit from a more frequent monitoring schedule, because such patients are more likely to develop recurrence.
Our study does not address any difference in the ultimate benefit of monitoring, assessed, for example, by incremental loss in life years for each monitoring visit foregone. To do this would require a suitably powered randomized controlled trial. 
Assumes no unscheduled visits because of self-detection. †Assumes unscheduled visits in 75% of patients because of self-detection with no delay in diagnosis and maximum delay in diagnosis of 3 months for other patients before scheduled visit or self-detection. 
Assumes no unscheduled visits because of self-detection. †Assumes unscheduled visits in 50% of patients because of self-detection with no delay in diagnosis and maximum delay in diagnosis of 6 months for other patients before scheduled visit or self detection.
Strengths of this study include the large number of patients included with a spectrum of disease likely to be representative of a clinical population of patients treated for localized cutaneous melanoma. Included patients all had detailed pathology results, and we were able to accurately assign AJCC substaging according to the most recent classification published in 2009. We used rigorous statistical methods for the prognostic model and for estimating the delay in diagnosis for different monitoring strategies.
In summary, current guidelines on the frequency of follow-up after treatment for localized melanoma probably provide rather small gains (in terms of earlier diagnosis of recurrence or new primary) at the expense of a large number of additional clinic visits. A less frequent monitoring schedule, such as that proposed in a former MIA publication 9 and further investigated in the MELFO study, 4 may decrease unnecessary visits substantially, with only a small consequent delay in the detection of recurrent or new primary melanoma.
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